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INTRODUCTION 

I n  depth c h a r a c t e r i z a t i o n  of syn fue ls  requ i res  t h e  combinat ion o f  several 
a n a l y t i c a l  t o o l s  and approaches. Th is  requirement i s  due bo th  t o  the 
complex i ty  o f  t h e  m a t e r i a l s  t o  be analyzed and t o  t h e  i n fo rma t ion  conten t  t h a t  
i s  des i rab le  t o  ob ta in  on semi-rout ine,  research t y p e  samples. 

Synfuels genera l l y  con ta in  a l a r g e  v a r i e t y  of hydrocarbons, i n c l u d i n g  
para f f ins ,  c y c l o p a r a f f i n s ,  a l i p h a t i c  and aromat ic o l e f i n s ,  one t o  e i g h t - r i n g  
aromatics, and t h e  corresponding aromat ic furans, aromat ic thiophenes, 
hydroxy-aromatics, d i  hydroxy-aromatics, a romat ic  py r ro les  and aromatic 
py r i d i nes . Minor amounts o f  p o l y f u n c t i o n a l  components, such as 
thiophenofurans, hydroxy-ni t rogen compounds, etc., are a l s o  present,  as we l l  
as ketones, aldehydes, acids, amides, n i t r i l e s  and d i n i t r o g e n  compounds. 
A l k y l  s u b s t i t u t i o n  of t he  above can range from zero t o  up t o  50 carbon 
atoms. A l l  considered, a t y p i c a l  syn fue l  sample conta ins  as many as 1000 t o  
3000 carbon number homologs and many more p o s i t i o n a l  isomers. 

I n  our Labora tor ies ,  t h e  i n fo rma t ion  conten t  requ i red  i n  general inc ludes  a t  
l e a s t  t h e  i d e n t i f i c a t i o n  and de terminat ion  o f  most carbon number homologs, 
t h a t  i s  most d i s c r e e t  formulas, and as many i n d i v i d u a l  isomers as can be 
separated by gas chromatography (GC) or gas chromatographylmass spectrometry 
(GC/MS). These are numerous, i n  p a r t i c u l a r  i n  t h e  lower b o i l i n g  ranges up t o  
about C I 2 ,  where t h e  number o f  isomers i s  s u f f i c i e n t l y  smal l  t o  be resolved by 
cap i  1 l a r y  column GC. 

This p resen ta t i on  dea ls  w i t h  t h e  methodology developed a t  our l a b o r a t o r i e s  f o r  
t h e  d e t a i l e d  c h a r a c t e r i z a t i o n  o f  syn fue ls .  Th is  methodology w i l l  be 
i l l u s t r a t e d  w i th  examples taken from t h e  d e t a i l e d  ana lys i s  o f  a standard 
Colorado shale o i l  purchased from the  Nat iona l  Bureau o f  Standards (SRM 
1580). Issues discussed w i l l  i nc lude  separa t ion  procedures and t h e  ana lys is  
of t h e  separated f r a c t i o n s  by h igh  and low r e s o l u t i o n  mass spectrometry (HRMS 
and LRMS), GC/MS, nuc lea r  magnetic resonance (NMH) and o t h e r  methods. 

DISCUSSION 

A. Overa l l  Procedure 

The a n a l y t i c a l  scheme devised fo r  t h e  c h a r a c t e r i z a t i o n  o f  complex synfuels 
t h a t  i nc lude  s i g n i f i c a n t  amounts o f  non-hydrocarbons cons is t s  e s s e n t i a l l y  o f  a 
separa t ion  s tep  fo l lowed by ex tens ive  ins t rumenta l  ana lys i s  o f  t h e  separated 
f rac t i ons .  A schematic o f  the procedure i s  g iven  i n  F igure  1. 
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The ex tens ive  separa t ion  steps used y i e l d  impor tan t  i n f o r m a t i o n  on the  
chemical c lasses o f  components present, e n r i c h  t r a c e  components, f a c i l i t a t e  
subsequent ins t rumenta l  analyses by g r e a t l y  s i m p l i f y i n g  t h e  samples t o  be 
analyzed, and e l i m i n a t e  many u n c e r t a i n t i e s  r e l a t e d  t o  composi t ion as the  
presence o f  a given component i n  one o r  t h e  o t h e r  f r a c t i o n  i s  a c lue  t o  i t s  
i d e n t i f i c a t i o n .  For example, h igh  r e s o l u t i o n  6 can no t  determine i n  complex 
m ix tu res  whether a component whose formula con ta ins  one oxygen atom i s  
aromat ic fu ran  o r  a hydroxy-aromatic; but t he  component can be s a f e l y  assigned 
a fu ran ic  o r  a hydroxy-aromatic s t r u c t u r e  accord ing  t o  whether i t  occurs i n  a 
neu t ra l  aromat ic o r  i n  an a c i d i c  f r a c t i o n .  The number o f  f r a c t i o n s  separated 
depends on t h e  amount o f  i n fo rma t ion  des i red ;  and v a r i e s  from th ree  
(sa tura tes ,  aromatics, po la rs )  t o  twelve,  as discussed i n  t h i s  p resenta t ion .  
Unseparated ma te r ia l s  can a l s o  be analyzed; t h e  l o s s  o f  i n f o r m a t i o n  conten t  i s  
compensated by the  f a s t e r  response t ime and lower  a n a l y t i c a l  expendi ture.  
Furthermore, composi t ion u n c e r t a i n t i e s  can be reso lved reasonably we l l  i n  many 
such cases by us ing  assumptions based on i n fo rma t ion  ob ta ined from separated 
samples. 

Ins t rumenta l  t o o l s  used r i n  de t h  ana lys i s  o f  t he  f r a c t i o n s  i n c l u d e  h igh  
r e s o l u t i o n  Ms, GC/MS, " C  and ' t i  NMR, GC d i s t i l l a t i o n s  and elemental 
analyses. Data from these analyses are i n t e g r a t e d  t o  p rov ide  t h e  user w i t h  a 
mu l t i - f ace ted  i n s i g h t  i n t o  t h e  o v e r a l l  composition. 

B. Separat ions 

The separa t ion  scheme used f o r  the  NBS shale o i l  i s  shown i n  F igu re  2. I t i s  
based l a r g e l y  on procedures developed a t  t he  Laramie Energy Technology Center 
o f  t h e  Department o f  Energy, now Western Research I n s t i t u t e .  Genera l l y ,  the 
procedure y i e l d s  sharp f r a c t i o n s ,  a l though over laps  e x i s t ,  i n  p a r t i c u l a r  
between some o f  t he  aromat ic and t h e  lower p o l a r i t y  "po la r "  f r a c t i o n s ,  such as 
t h e  "neu t ra l  po la rs" .  As w i l l  be shown below, most o f  t he  over laps  can be 
co r rec ted  by the  subsequent ins t rumenta l  analyses o f  t h e  f r a c t i o n s .  I n  fac t ,  
i f ,  as mentioned above, separat ions improve the  o v e r a l l  c h a r a c t e r i z a t i o n ,  one 
can a l s o  s t a t e  t h a t  t h e  cha rac te r i za t i on  steps can improve t h e  q u a l i t y  o f  the  
separat ions by c o r r e c t i n g  f o r  separat ion over laps.  Both a n a l y t i c a l  steps are  
necessary f o r  i n  depth understanding. 

Another advantage o f  t he  above separa t ion  scheme i s  t h a t  i t  i s o l a t e s  some 
components t h a t  a re  no t  genera l l y  detected by h i g h  reso lu t i on ,  low vo l tage 
mass spectrometry and t h a t  would be very d i f f i c u l t  t o  de tec t  by GC/MS i n  very 
complex mixtures.  These a re  mainly the  a l i p h a t i c  ketones and n i t r i l e s  t h a t  
a r e  found i n  the  neu t ra l  po la rs ,  weak acids, and weak bases. 

Q u a n t i t a t i v e  data on the  f r a c t i o n s  separated from the  NBS shale o i l  are given 
i n  Table I .  Major components a r e  sa tura tes  and o l e f i n s  (most ly  l i n e a r ) ,  
s t rong  bases, neu t ra l  po la rs  and t h e  1 - r i ng  aromatics. Loss was on ly  about 9 
percent,  a small amount cons ider ing  t h a t  t h e  sample conta ined s i g n i f i c a n t  
concent ra t ions  o f  r e l a t i v e l y  l ow-bo i l i ng  m a t e r i a l s  i n  t h e  C8-C12 range. 

The a l i p h a t i c  f r a c t i o n  was separated f u r t h e r  i n t o  sa tura tes  and o l e f i n s .  
Al though t h e  p u r i t y  o f  t h e  f r a c t i o n s  was high, recovery was low. For  t h i s  
reason, q u a n t i t a t i v e  data were obtained on t o t a l  a l i p h a t i c s .  
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C. Ins t rumenta l  Ana lys is  

The a l '  h a t i c  r a c t i o n s  were analyzed by low reso lu t i on ,  h igh vo l tage MS, 
GC/MS. % and 15C NMR . A l l  o the r  f r a c t i o n s  were analyzed by the  same methods, 
except t h a t  t h e  FIS analyses were ob ta ined i n  the  much more powerful  h igh  
reso lu t i on ,  low vo l tage  mode, ra the r  than under low reso lu t i on ,  h igh  vo l tage 
cond i t ions .  

The type of i n f o r m a t i o n  ava i l ab le  f rom t h e  above methods i s  summarized. 

LOW Reso lu t ion  H i  h Vo l ta  e MS: Concentrat ion o f  sa tu ra te  and aromat ic 
compound types '  (hoiologous ?series). I n  the  present  work, the  approach was 
used on ly  on t h e  a l i p h a t i c  f r a c t i o n .  A ma jor  disadvantage i s  t he  
impossi  b i  1 i t y  o f  d i  s t i  ngui  s h ing  c y c l o p a r a f f i n s  from o l e f i n s ,  d i c y c l o p a r a f f  i n s  
f rom c y c l i c  o l e f i n s  o r  d i o l e f i n s ,  etc., due t o  t h e  f a c t  t h a t  they  have the  
same general formulas. 

High Resolut ion,  Low Voltage MS: Concent ra t ion  o f  aromat ic and p o l a r  aromat ic 
carbon number homologs. The method can determine several  thousand components 
pe r  sample, i n c l u d i n g  hydrocarbons and heterocompounds and y i e l d s  both very 
d e t a i l e d  and summarized data. I t s  main disadvantage i s  t h a t  i t  cannot be 
appl  i ed t o  a1 i p ha t i c components . 
GC/MS: I d e n t i f i c a t i o n s  and semi-quanti t a t i  ve ana lys i  s o f  i n d i v i d u a l  
components --  u s u a l l y  several  isomers f o r  each carbon number homolog. 
App l i cab le  t o  bo th  aromat ic and a l i p h a t i c  components, bu t  l i m i t e d  by the  
r e s o l u t i o n  o f  t h e  GC and the  6, b o i l i n g  p o i n t  and the  u n a v a i l a b i l i t y  o f  
re fe rence spectra f o r  many o f  t he  components found i n  shale o i l s .  

13C and 'H NMR: Overa l l  sa tu ra te ,  o l e f i n i c  or aromatic character;  semi- 
q u a n t i t a t i v e  i n s i g h t  i n t o  average s t r u c t u r a l  features.  

D. Typ ica l  Resu l ts  

The major compound types  determined i n  the  var ious  f r a c t i o n s  a re  l i s t e d  i n  
Table 11. The wide v a r i e t y  i s  an i n d i c a t i o n  o f  t h e  complexi ty o f  t h e  shale 
o i  1 studied. Most o f  t he  hydrocarbons, furans, thiophenes, hydroxy-aromatics 
and aromat ic n i t r o g e n  types were de tec ted  bo th  by h igh  r e s o l u t i o n  FIS and 
GC/MS. Some o f  t h e  more condensed mate r ia l s  were determined on ly  by h igh  
r e s o l u t i o n  MS; converse ly  a l i p h a t i c  p o l a r  types such as ketones and n i t r i l e s  
were seen on ly  by t h e  GC/MS as these ma te r ia l s  genera l l y  do no t  g i ve  
s i g n i f i c a n t  mo lecu la r  i ons  a t  low vol tages. 

A summary o f  t h e  h igh  r e s o l u t i o n  MS analyses o f  t h e  f r a c t i o n s  i s  g iven  i n  
Tables 111-V. Most o f  the  data i s  se l f -exp lanatory ;  several  comments are, 
however, i n  order. 

Overa l l  condensat ion i s  low; most o f  the  components a re  e i t h e r  l i n e a r ,  or 
con ta in  one o r  two aromatic or  p o l a r  aromat ic r ings .  

0 Separation i s  r a t h e r  sharp i n  most o f  the  f r a c t i o n s ;  i n c l u d i n g  the  
aromat ic sub- f rac t ions .  Aromatic over laps found ma in l y  i n  the  " less  
p o l a r "  p o l a r  f r a c t i o n s ,  such as the  weak bases and t h e  neu t ra l  po la rs ,  
and these aromat ics  a re  the  most condensed types, t h a t  indeed possess 
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some p o l a r  (bas i c )  character.  As most o f  t h e  a l i p h a t i c  p o l a r s  no t  seen 
by h igh  r e s o l u t i o n  MS are concentrated i n  these same f r a c t i o n s ,  they  are 
probab ly  more enr iched i n  p o l a r  components than i n d i c a t e d  by the  high 
r e s o l u t i o n  MS data. 

0 Asphaltenes con ta in  a very l a r g e  amount o f  n o n - v o l a t i l e  components. We 
a r e  now developing q u a n t i t a t i v e  methods f o r  de termin ing  a t  l e a s t  the  
molecu la r  weight d i s t r i b u t i o n  o f  t h i s  type  o f  m a t e r i a l s  i n  t h e  500-3000+ 
molecu la r  weight range us ing  f i e l d  deso rp t i on  mass spectrometry.  

Selected NMR parameters o f  t he  f r a c t i o n s  are  shown i n  Table V I .  Aromatic 
charac ter  increases, as expected, w i t h  nominal condensation, i n  good agreement 
w i t h  t h e  MS data. Frac t ions  t h a t  con ta in  a l i p h a t i c  po la rs ,  such as the 
neu t ra l  po la rs  and t h e  bases have lower a r o m a t i c i t y ,  as expected. I n  general, 
t he  NMH analyses conf i rm the  e f f i c i e n c y  o f  t he  separat ions.  The consistency 
o f  t he  NMR c h a r a c t e r i z a t i o n  i s  ev ident  f rom the  very good agreement between 
the  exper imental  da ta  obtained on t h e  t o t a l  sample be fore  t h e  separa t ion  and 
the  composite values ca l cu la ted  from the  eleven f r a c t i o n s  analyzed separa te ly  
(Table V I I ) .  

The GC/MS procedure i s  i l l u s t r a t e d  by p a r t i a l  chromatograms o f  t h e  a l i p h a t i c  
( sa tu ra tes  p lus  o l e f i n s )  and the neu t ra l  p o l a r  f r a c t i o n  t h a t  con ta ins  n i t r i l e s  
and ketones (F igures  3, 4 ) .  The composi t ion p a t t e r n  shown repeats i t s e l f  i n  
the h igher  carbon number range, up t o  about C25-C30. 

The i d e a l  a n a l y t i c a l  approach i n  t h i s  type  o f  e f f o r t  i s  t he  i n t e g r a t i o n  o f  a l l  
t he  a n a l y t i c a l  data. This i s  i m p l i c i t  i n  t he  da ta  repor ted  i n  the  previous 
sec t ions .  A more e x p l i c i t  procedure i s  t o  i d e n t i f y  as many i n d i v i d u a l  isomers 
o f  a g iven  carbon number homolog, say Cl0 benzenes o r  C7  py r id ines ,  as 
p o s s i b l e  by GC/MS and then t o  normal ize t h i s  da ta  t o  the  t o t a l  concent ra t ion  
o f  t h e  homolog as determined by h igh  r e s o l u t i o n  MS, us ing  these powerful 
techniques i n  a complementary way. The v a l i d i t y  o f  t he  approach i s  confirmed 
by the  da ta  i n  Table V I 1 1  t h a t  shows good agreement between q u a n t i t a t i v e  HRMS 
da ta  on the  t o t a l  carbon number homologs and t h e  sums o f  t h e  corresponding 
isomers as determined by GC/MS. One can thus  assume t h a t  i f  the  high 
r e s o l u t i o n  MS data on a given carbon number homolog show much h igher  values 
than t h e  corresponding sums o f  t h e  isomers found by GC/MS, t h e  dev ia t i on  i s  
due t o  isomers not de tec ted  by GC/MS. 

CONCLUSION 

The data repor ted  i n  t h i s  work show t h a t  very  complex mix tu res ,  such as 
synfuels,  can be charac ter ized  accura te ly  and i n  g rea t  d e t a i l  by a combination 
o f  a n a l y t i c a l  techniques. This n u l t i t e c h n i q u e  approach i s  e s s e n t i a l  f o r  any 
i n  depth understanding o f  t he  composi t ion o f  these ma te r ia l s .  Much more work 
i s  needed t o  cor robora te  and t o  extend t h e  i n fo rma t ion  gathered i n  t h i s  work 
but we be l i eve  we have the  means t o  do so. 
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Table I 

NBS SRh 1580 SHALE OIL PREP LC DATA 

F r a c t i o n  

Asphaltenes 

Weak Acids 

Strong Acids 

Weak Bases 

St rong Bases 

Saturates + Nonaromatic O l e f i n s  

1-Ring Aromatics 

1-2 Wing Aromatics 

2-3 Wing Aromatics 

3+ Ring Aromatics 

Neut ra l  Polars  

Hold-Up 8 Losses 

Tota l  

126 

Weight Percent 

1.60% 

5.0oX 

O."S% 

1.84% 

15.43% 

34.05% 

8.10% 

5.05% 

1.84% 

0.89% 

16.46% 

9.28% 

100.00% 



1. 

2. 

3. 

4. 

5. 

6. 

Table I 1  

MJOR COMPOUND TYPES I N  NBS SHALE O I L S  FRACTIONS 

Satura te  F rac t i on  
n -Para f f i ns  
Isopreno id  P a r a f f i n s  
Cyc lopa ra f f i ns  

O l e f i n  F r a c t i o n  
Alpha O le f i ns  
I n t e r n a l  O l e f i n s  

" 1- R i  ng Aromat i c"  F rac t  i on 
Benzenes 
Styrenes 
Indans /Te t ra l i ns  
Thiophenes 

7. 

8. 

9. 

"2 - R i n g Aroma t i c ' I  F r a c t i on 

Indenes 
Naphthalenes 
Biphenyls 
Acenaphthenes 

Benzofurans 

l ndans  , Tetra1 i ns 10. 

Benzothiophenes 11. 

"3-Ring Aromat ic"  F rac t i on  
Naphtha 1 enes 
B i  p heny 1 s 
F1 uorenes 
Phenanthrenes 
Pyrenes 

"3+Ri ng Aromat ic"  F rac t i on  
Phenanthrenes 
C h ry  senes 
Benzoanthracenes 

12. 

Neutral  Po la r  F r a c t i o n  
l i n e a r  C y c l i c  Ketones 
A l i p h a t i c  8 N i t r i l e s  
Benzon i t r i l es / Indo les  

Weak Ac id  F r a c t i o n  
Phenols 
Carbazoles 
Py r ro 1 e s 
A l i p h a t i c  N i t r i l e s  

Strong Acid F r a c t i o n  
Phenols 
Hydroxy- IndanslTetral ins 
Carbazoles 

Weak Base F r a c t i o n  
N i  t r i  l e s  
2-Ketones 
Acetophenones 

Strong Base F r a c t i o n  
Pyri  d i  nes 
Oui no1 i nes 
Tet rahydroqu ino l ines  
Tetrahydrocarbazoles 

m e s  
1-3 Ring N i t rogen Compounds 

1 2 7  



Table I 1 1  

SUMMRY COMPOSITION OF NEUTRAL FRACTIONS AS DETERMINE0 BY 
HIGH AN0 LOW RESOLUTION hS 

Component Type 

A l i p h a t i c s  

Aromatic Hydrocarbons 
1 Ring 
2 Ring 
3 Ring 
4 Ring 
5 tR i  ng 

1 King 
2 Ring 
3 tR ing  

1 Ring 
2 Ring 
3 Ring 
4 t K i  ng 

Aromatic Thiophenes 

Aromatic Furans 

Aromatic D i fu rans  

N i t rogen Cpds. 

Residue 

Weight Percent 1 

A1 i p h a t i  cs 

95.6 

4.4 
4.4 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0 .o 
0.0 

0.0 

0.0 

0.0 

- 

A romat i cs 
1 Ring 2 Ring 3 Ring 4 R i n g  

0.0 

82.2 
73.1 

9.2 
0.0 
0.0 
0.0 

17.5 
15.5 
2.0 
0.0 

0.3 
K-3 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 

- 

0.0 

87.0 
16.8 
62.3 

6.9 
0.9 
0.1 

7.4 
0.2 
6.3 
0.9 

4 .O 
2-3 
1.6 
0.1 
0.0 

0.0 

1.6 

0.0 

- 

- 

0.0 

83.6 
1.4 

29.1 
42.9 

9.6 
0.6 

7.1 
1.4 
5.6 
0.1 

5.7 n 
3.4 
0.7 
0.6 

0.3 

3.3 

0.0 

- 

- 

- 

- 

0.0 

78.7 
3.1 

12.1 
38.0 
24.9 
0.6 

8.8 
2.9 
2.9 
3.0 

- 

3.1 
0.0 
0.5 
1.1 
1.5 

1.5 - 
6.3 - 
1.6 

, 
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I t 
Table I V  

L SUMMRY COMPOSIT ION OF POLAR FRACTIONS AS DETERMINED BY HIGH RESOLUTION MS 

Component Type 

Mono-Oxygen Cpds. 
(mostly hydroxy- 

aromat ics)  
1 Ring 
2 Ring 
3 Ring 
4+Hi ng 

D i  -Oxygen Cpds. 
(most ly  d i  hydroxy- 

aroma t i cs ) 
1 Ring 
2+Hing 

1 Ring 
2 Ring 
3 Ring 
4+Ring 

1 Ring 
2 Ring 
3+Ring 

Ni t rogen Cpds. 

Nitrogen-Oxygen Cpds. 

Misc. N. Compounds 

Aromatic Hydrocarbons 
1-3 Ring 
4-6 Ring 

Thiophenes 

Furans 

Residue 

Weight Percent 
Neutra l  Weak Strona Weak Strona 
Polars 

11.9 - 

9.2 
1.4 
0.8 
0.5 

0.0 - 

0.0 
0.0 

57.1 
2.2 

37.4 
15.5 
2.0 

0.7 
a;r 
0.3 
0.3 

0.4 

22.0 ars 
15.5 

0.3 

0.0 

7.6 

- 

- 
- 
- 

Acids Acids- -- 
15.2 

11.7 
2.1 
0.6 
0.8 

2.5 - 

1.7 
0.8 

54 .O 
5.2 

25.0 
18.2 

5.6 

3.5 m 
1.4 
0.7 

3.0 

2.1 
-2TT 
0.5 

0.3 

0.0 

19.4 

- 

- 
- 
- 
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43.4 - 

35.6 
6.4 
1.3 
0.1 

6.0 - 

4.5 
1.5 

8.5 
0.3 
3.0 
4.6 
0.6 

10.4 
T3 

2.9 
0.6 

1.2 

0.5 n 
0.1 

0.2 

0.0 

29.8 

- 

- 

- 
- 
- 

Bases Bases Asphaltenes -- 
1.7 - - 4.1 0.2 

2.8 0.1 0.7 
1.1 0.1 0.8 
0.2 0.0 0.2 
0.0 0.0 t races  

0.6 - 0.0 0.0 - 

0.0 0.0 0.5 
0.0 0.0 0.1 

63.1 88.0 - 10.5 
4.3 45.3 1.9 
- -  
30.5 25.6 5.0 
22.6 13.5 3.0 

5.7 3.6 0.6 

4.9 0.4 1.4 
T;cim 014 
2.3 0.1 0.8 
1.6 0.2 0.2 

1 .o - 0.0 2.0 - 
7.0 1.9 0.3 
n T 7  n 
5.1 0.2 0.1 

0.2 0.0 Traces 

0.0 0.0 

- 
0.0 - - -  

20.6 7.5 - 84.5 - 



Table V 

SUMMARY COMPOSITION OF SHALE OIL AS CALCULATED FROM ANALYSES OF FRACTIONS 

Component 

A l i p h a t i c s  

Neutra l  Aromatics 

Hy;r;;;;bons 

2 Ring 
3 Hing 
4 Ring 
5+Ring 

Thiophenes 
1 Ring 
2 Hing 
3 Hing 
4+Ri ng 

Furans 
1 Hing 
2 Ring 
3 King 
4+Ri ng 

O i  furans 

W t .  Pct. 

32.53 

21.43 

18.98 
-TEE 

4.94 
2.01 
2.76 
0.41 

2.07 
1.33 
0.63 
0.10 
0.01 

0.36 
0.16 
0.14 
0.02 
0.04 

0.02 

- 
- 

- 

- 

- 

Component 

Polar  Aromatics 

Mono-Oxygen Cpds. 
1 Ring 
2 Ring 
3 Ring 
4+Ring 

1 Ring 
2 Ring 
3+Ring 

Di-Oxygen Cpds. 

Ni;r;q;ng Cpds. 

2 Ring 
3 Ring 
4+Ring 

1 Ring 
2 Ring 
3+Ri ng 

Nitrogen-Oxygen Cpds. 

Misc./Nitrogen Cpds. 

Residue 

Separation Loss 
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wt. Pct. 

31.49 

3.04 
2.35 
0.41 
0.17 
0.11 

0.16 
0.11 
0.04 
0.01 

27.23 7-n 
12.08 
6.12 
1.29 

0.51 m 
0.21 
0.15 

0.55 

5.27 

9.28 

- 

- 

- 
- 
- 



Table V I  

SELECTED NbR DATA ON FRACTIONS 

Mole Percent 

Carbon A1 i pha- Aromat i cs Neutral  
T y p e -  t i c s  King Po lars  Acids Bases Asphaltenes 1 Ring 2 King 3 

Aromatics 0.0 33.5 54.2 54.3 33.0 55.1 40.4 66.3 

01 e f  i n i c  2.3 1.4 0.0 0.0 0.0 0.0 0.0 0.0 

A l i p h a t i c  97.6 65.2 45.8 45.7 67.0 44.9 59.6 33.7 

Table VI1 

COMPARISON OF NMR DATA ON FRACTIONS AND TOTAL SAMPLE 

Carbon Type 

, Aromatic 

O l e f i n i c  

A l i p h a t i c  

Mole Percent 
Composite Ca lcu la ted  Exper imental  Value 

from Frac t ions  Found f o r  To ta l  Sample 

25.8 

1.0 

73.2 

27.2 

1.6 

71.2 
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Table VI11 

COMPARISON OF HIGH RESOLUTION Ms (HRMS) AND GC/Ms DATA 
ON SELECTED COMPONENTS IN VARIOUS FRACTIONS 

Concent ra t ion  , 
Components - HR-2 No. o f  Components , 

Alkylbenzenes, wt.  p c t .  

0.48 0.25 ‘8 

c9 1.27 1.42 

C10 6.06 6.61 

c11 7.02 6.34 

c12 2.90 2.53 

Phenols, ppm 

‘6 

c7  

‘8 

Pyr id ines ,  w t .  pc t .  

c5  
,. 

4.3 

28.4 

16.9 

0.10 

1.02 

0.69 

0.19 

8.0 

26.0 

17.8 

0.19 

1.11 

0.60 

0.10 
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FIGURE 1 

OVERALL ANALYTICAL APPROACH 
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FIGURE 2 

DETAILED SEPARATION SCHEME 
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